INTRODUCTION
Implant therapy is an effective and reli able prosthodontic treatment option. [1] [2] [3] [4] The longevity of an implant retained or supported prosthesis is dependent upon both biological and mechanical factors. Biologically, long-term osseointegration is sensitive to atraumatic implant place ment and restoration. 2 Mechanically, the implant, its component parts (the transmucosal abutment and abutment screw), or the prosthesis (including pros thetic screws where applicable) may fail. Mechanical complications include screw loosening, screw fracture, prosthesis fracture and problems with attachments for overdentures. 5, 6 Implants with a butt-joint and exter nal hex connection to the abutment are especially prone to screw loosening when compared with internal-taper/cone joints with an anti-rotation feature. 7, 8 In the former, all forces, with the excep tion of compressive force, are concen trated on the abutment screw. The latter has the advantage of both friction and form lock, with off-axis loading mostly resisted by the taper interface. 7 A review of in vivo butt-joint implant studies reported abutment screw or prosthesis screw loosening as the most frequent mechanical complication. 5 Complications were most common with single crowns, particularly in the premolar and molar areas. An incidence of 0.5% to 8% was reported for abutment screw fracture. Improved clinical outcomes are reported for internal-taper joints. The incidence of abutment loosening in such a system has been reported as very low.
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CASE REPORT
A 24-year-old male patient attended an accident and emergency department fol lowing an alleged assault. At that time, his injuries were noted to include left peri-orbital swelling and bruising, bruis ing to his upper lip and a loose implant supported crown on the maxillary left central incisor. He was referred for fur ther prosthodontic opinion and treat ment. At assessment, the maxillary left central incisor was noted to be a cement retained implant supported crown which was loose. The clinical impression was of a loosened abutment screw: radio graphically, a discrepancy could be seen between the transmucosal abutment and the fixture head (Fig. 1) .
As the loose crown was causing some discomfort to the patient, it was sectioned, the screw and abutment retrieved, and the space restored with a temporary denture. Once implant details had been confi rmed (Branemark Tiunite Mk3 RP, placed three years previously and restored six months after place ment with an Esthetic Abutment [3 mm] and a cemented crown), a fi xture-level impression was taken and a new abut ment and crown constructed. At the appointment to fit the new abutment and crown, diffi culty was noted in fully seating the abutment. A small fl ap was raised to ensure that the fi xture head was clearly exposed. The fi xture head was clear, however with magnifi cation a small fragment of metal could be seen in the implant body (Fig. 2) . Visual ised through a clinical microscope, the fragment was seen to be a portion of the screw-thread of the abutment screw which had fractured away from the body of the screw and was retained within the implant. Although technically demand ing, it was possible to remove this frag ment using endodontic instruments ( Figs  3-4) . The abutment was then placed and seating confirmed radiographically prior to final tightening using a torque driver at 25 Ncm (Fig. 5) . At subsequent review, the patient was happy with the result (Figs 6-7) , and declined further treat ment to improve the gingival appear ance (aesthetics were acceptable due to a low lip line).
DISCUSSION
Torquing an abutment screw has a clamping effect, called the preload, which holds the abutment to the implant. 11 In external hex designs, as featured in this report, the integrity of the implant-abutment joint is princi pally reliant on this clamping. 12, 13 The absence of form lock and friction, as found in internal-taper designs, results in lack of protection against the bending forces in the system implicated in screw loosening.
14,15 Causes of screw loosen ing or fracture have been identifi ed as inadequate tightening, adverse occlusal forces, and fatigue character and yield ing strength of the screw material. 16, 17 Additionally, the surface of a new metal screw has microscopic surface imperfec tions in the form of high spots, grooves, and irregularities, such that when initial torque is applied only the high spots in the system will be in contact. Flattening and wear of these high spots is described as screw settling, and will result in the loss of some of the initial preload. 18 Also, during occlusal function, the vibration and damping effect at the screw joint can result in a loss of screw preload and hence loosening.
The relationship between torque and preload is not linear. 19 Friction must also be considered. Approximately 90% of the applied torque is lost as friction. 20 Depending on the manufacturer and the system, recommended abutment screw torque varies from 15 Ncm to 45 Ncm. 21 Even experienced clinicians have been shown to under-tighten abutment screws by 30-50%. 22 However, if a screw is tightened until plastic deformation takes place, loss of preload may occur, with the possibilities of screw loosening or fracture. Therefore, torque wrenches should be used to reduce the possibility of sub-optimal torque.
The general design of abutment screws in external hex systems is worth consid eration given their critical role. For opti mal elongation and preload they have a long stem. Six thread lengths is typi cal and is said to reduce friction, with the first three threads carrying most of the load. For frictional resistance and maximum preload, the screw head seat is fl at. 21 They are made from gold, titanium or gold-coated titanium with the tensile and yield strengths being highest for gold screws. 23, 24 The yield strength of the screw material has a significant affect on preload, 75% of the yield strength of a gold screw and a titanium screw allows a preload of 890 N and 400 N respec tively. 21 Additionally, gold screws prevent the 'galling' effect which occurs between like for like metals used as mating parts. In metallogical terms, galling describes the excessive friction between high spots in two mating metal parts. Conse quently, localised welding, subsequent splitting and further roughening of the mating parts can occur. Decreased fric tion between the threads also enhances the preload when a gold abutment screw is used. 19 Five year retrospective studies have shown that the introduction of gold abutment screws in the single tooth Cera One implant system on butt-joint exter nal hex Branemark implants has signifi cantly reduced the incidence of screw loosening and fracture. 6, 25 Screw fracture and screw loosening are closely linked. It has been suggested that screw loosening is the first stage of screw fracture. 26 When a screw loosens, surface damage occurs at high stress locations, particularly the screw head and the first thread. Consequently, some authors recommend that loose abutment screws should always be replaced as a loose screw could have a fatigue history predisposing it to fracture. 11, 26 Published case reports describe abut ment screw fracture occurring hori zontally, 27-30 unlike the present case where the thread had fractured away from the body of the screw. A study of the fracture mechanisms of a retrieved titanium implant screw reported that a shear crack initiated at the root of the screw thread and propagated into the screw body; 31 observation of the sur face features suggested brittle fracture. Hydrogen embrittlement of titanium in a biological environment can affect the service life of titanium metal devices and the rate of absorption of hydrogen may be accelerated by plastic deforma tion of a screw. 31 'Endodontic' techniques were required to retrieve the thread in the case described. In most cases of horizon tal abutment screw fracture, the screw can be held and rotated out with an appropriate instrument if above the head of the implant, or if fracture occurs below the head of the implant, the retrieval methods are based around drilling a hole or slot into the centre of the fractured screw and engaging it with a 'screwdriver', either fashioned from regular dental surgery arma mentarium or part of a manufacturer's fractured screw retrieval kit.
27,30,32 Alter natively, one report describes salvag ing an implant supported crown with a fractured abutment screw, by modi fying the screw hole and fabricating a post crown. 28 This case demonstrates the need to consider all possibilities when faced with an apparent loose abutment screw and further highlights the need for multi disciplinary skills in the treatment of patients with implants. 
